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                   The two high-level primary goals of data mining in practice
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prediction and description are not sharp (some of the predictive models can
be descriptive, to the degree that they are understandable, and vice-versa)  
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                          can subgroup discovery be used to detect the most
defective modules in a system?
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3. Subgroup Discovery
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 (a) Classication (b) Subgroup Discovery
Figure 1: Classication (a) vs. Subgroup Discovery (b)
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 R1 total loc   155: false
total loc > 155
R2.1 | design complexity   54: true
R2.2 | design complexity   54: false
(a) Classication Example
S1 unique operators > 15
S2 unique operators > 15 & branch count > 32
S3 unique operators > 15 & design complexity > 3
S4 unique operators > 15 & branch count > 32 & design complexity > 3
S5 cyclomatic complexity > 17 & design complexity > 3
(b) Subgroup Discovery Example
Figure 2: Example of Rules induced with Classication (a) vs. Subgroup Discovery (b)
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 (a) Classication Example
(b) Subgroup Discovery Example
Figure 3: Graphical Representation: Classication (a) vs. Subgroup Discovery (b)
Table 1: Classication vs. Subgroup Discovery
Classication Subgroup Discovery
Induction Type Predictive Descriptive
Output Set of classication rules Individual rules to describe sub-
groups
Purpose To learn a model for
classication or prediction
To nd interesting and inter-
pretable patterns with respect to
a specic attribute
 Figure 4: Specicity vs. Generality of the Induced Rules
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  Algorithm 1                  
Require:   dataset;   generalisation parameter;        ;          
Require:      , where   is the set of all attribute values
Ensure: set of rules
1: for all rules in      and         do
2:           ▷ Initialisation
3:  g( )   0 ▷ i=1 to          
4: end for
5: while there are improvements do
6: for all rules in      and         do
7: for all       do
8:     ( )       ( )     ▷ add new condition to the beam
9:  g = TP
FP+g ▷ calculate quality for the new rule
10: if TP
jEj           and  g   ( g( )          ) and relevant then
11: replace worst rule with new rule
12: sort rules in         according to quality
13: end if
14: end for
15: end for
16:               
17: end while
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  Algorithm 2                      
Require:   dataset with discrete attributes.
Ensure: Set of rules
1:           ∅
2: function UnsortedCN2( ,            )
3: for all target         do
4:                  
∪
OneClassCN2( ,            )
5: end for
6: return        
7: end function
8:
9: function OneClassCN2( , classValue)
10:         ∅
11: repeat
12:            ndBestCond ( ,            )
13: if          ̸= null then
14:         addRule (        ,            )
15: addWeightsToInstances( ,         ) ▷ Instances covered by the rule
16: end if
17: until               = null
18: return      
19: end function
                                     
4. Experimental Work and Discussion
                                                                     
                                                                            
                                                                           
                                                     TP                     
 FP                                                                         
                                                                        
                                                                             
                    
4.1. Datasets
                                                               5     
                                                               
5http://code.google.com/p/promisedata/
  Table 2: Description of the Datasets
Dataset # inst. Non-def Def % Def. Lang
CM1 498 449 49 9.83 C
KC1 2,109 1,783 326 15.45 C++
KC2 522 415 107 20.49 C++
KC3 458 415 43 9.39 Java
MC2 161 109 52 32.29 C++
MW1 434 403 31 7.14 C++
PC1 1,109 1,032 77 6.94 C
AR 428 368 60 14.01 C
Eclipse JDT Core 997 791 206 20.66 Java
Eclipse PDE-UI 1,497 1,288 209 13.96 Java
Equinox 324 195 129 39.81 Java
Lucene 691 627 64 9.26 Java
Mylyn 1,862 1,617 245 13.15 Java
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  Table 3: Summary of Metrics | Promise Datasets
Metric Denition
McCabe     McCabe's Lines of code
 ( ) Cyclomatic complexity
  ( ) Essential complexity
  ( ) Design complexity
Halstead        Unique operators,  1
Base          Unique operands,  2
        Total operators,  1
          Total operands  2
Branch             No. of branches of the ow graph
Class false, true Does the module contain defects?
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  Table 4: Summary of the C&K Metrics | D'Ambros et al. [17] Dataset
Metric Denition
C&K     Weighted Method Count
    Depth of Inheritance Tree
    Coupling Between Objects
    No. of Children
     Lack of Cohesion in Methods
    Response For Class
Class true,false Does the module contain defects?
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  4.2. Inducted Rules for the Individual Datasets
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  Table 5: Rules for the KC2 Dataset using the SD and CN2-SD Algorithms
# TP FP Precision Rule
S
D
0 26 2 0.93 ev(g) > 4 ^ totalOpnd > 117
1 30 3 0.91 iv(g) > 8 ^ uniqOpnd > 34 ^ ev(g) > 4
2 29 3 0.91 loc > 100 ^ uniqOpnd > 34 ^ ev(g) > 4
3 28 3 0.90 loc > 100 ^ iv(g) > 8 ^ ev(g) > 4
4 26 3 0.90 loc > 100 ^ iv(g) > 8 ^ totalOpnd > 117
5 33 4 0.89 iv(g) > 8 ^ uniqOp > 11 ^ totalOp > 80
6 31 4 0.89 iv(g) > 8 ^ uniqOpnd > 34
7 31 4 0.89 totalOpnd > 117
8 30 4 0.88 loc > 100 ^ iv(g) > 8
9 30 4 0.88 ev(g) > 4 ^ iv(g) > 8
10 37 5 0.88 ev(g) > 4 ^ uniqOpnd > 34
11 29 4 0.88 loc > 100 ^ ev(g) > 4
12 33 5 0.87 iv(g) > 8 ^ uniqOp > 11
13 41 7 0.85 ev(g) > 4 ^ totalOp > 80 ^ v(g) > 6 ^ uniqOp > 11
14 33 6 0.85 iv(g) > 8 ^ totalOp > 80
15 42 8 0.84 ev(g) > 4 ^ totalOp > 80 ^ uniqOp > 11
16 42 8 0.84 ev(g) > 4 ^ totalOp > 80 ^ v(g) > 6
17 34 7 0.83 loc > 100 ^ uniqOpnd > 34
18 43 9 0.83 ev(g) > 4 ^ totalOp > 80
19 33 7 0.83 iv(g) > 8
C
N
2
S
D
0 37 5 0.88 uniqOpnd > 34 ^ ev(g) > 4
1 43 9 0.83 totalOp > 80 ^ ev(g) > 4
2 83 88 0.49 uniqOp > 11
Table 6: Rules for the JDT Core Dataset using the SD and CN2-SD Algorithms
# TP FP Precision Rule
S
D
0 55 12 0.82 cbo > 16 ^ lcom > 171 ^ wmc > 141 ^ rfc > 88
1 62 14 0.82 cbo > 16 ^ rfc > 88 ^ wmc > 141
2 55 13 0.81 cbo > 16 ^ lcom > 171 ^ wmc > 141
3 62 15 0.81 cbo > 16wmc > 141
4 60 16 0.79 lcom > 171 ^ wmc > 141 ^ rfc > 88
5 60 17 0.78 lcom > 171 ^ wmc > 141
6 69 21 0.77 rfc > 88 ^ wmc > 141
7 69 22 0.76 wmc > 141
8 39 14 0.74 wmc > 141 ^ noc = 0
9 42 17 0.71 noc > 0 ^ rfc > 88 ^ cbo > 16
10 93 38 0.71 cbo > 16 ^ rfc > 88
11 66 27 0.71 cbo > 16 ^ lcom > 171 ^ rfc > 88
12 51 21 0.71 cbo > 16 ^ noc = 0 ^ rfc > 88
13 34 17 0.67 cbo > 16 ^ wmc 2 (68;141]
14 35 18 0.66 cbo > 16 ^ lcom > 171 ^ noc <= 0
15 46 24 0.66 noc > 0 ^ rfc > 88
16 69 38 0.64 cbo > 16 ^ lcom > 171
17 34 19 0.64 noc > 0 ^ rfc > 88 ^ lcom > 171
18 113 72 0.61 rfc > 88
19 74 48 0.61 lcom > 171 ^ rfc > 88
C
N
2
S
D
0 62 15 0.81 wmc > 141 ^ cbo > 16
1 93 38 0.71 rfc > 88 ^ cbo > 16
4 113 72 0.61 rfc > 88
  Table 7: Ranking of the C&K Attributes in the JDT Core and BPD Datasets
JDT Core BPD Combined
Inf gain Gain ratio ReliefF 2 Inf gain Gain ratio ReliefF 2
wmc 0.1657 0.1018 0.006534 263.872 0.06461 0.03673 0.001645 581.228
rfc 0.1494 0.1721 0.005472 248.415 0.07159 0.04772 0.001598 659.484
cbo 0.1397 0.0835 0.012259 222.905 0.06499 0.04184 0.002236 567.614
noc 0.0754 0.0494 0.007773 24.788 0.00219 0.00335 0.002616 17.236
lcom 0.0168 0.0207 0.000423 120.473 0.04412 0.02727 0.000121 396.321
dit 0 0 0.006563 0 0 0 0.001853 0
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4.3. Generalisation
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  Table 8: Rules of the Combined AR Dataset using the SD and CN2-SD Algorithms
# TP FP Precision Rules
S
D
0 19 4 0.83 totalOpnd > 112 ^ iv(g) > 3 ^ uniqOp > 15 ^ totalOp > 170
1 19 4 0.83 uniqOp > 15 ^ iv(g) > 3 ^ v(g) > 17
2 20 5 0.8 uniqOpnd > 47 ^ v(g) > 17 ^ uniqOp > 15
3 19 5 0.79 uniqOpnd > 47 ^ totalOp > 170 ^ uniqOp > 15
4 18 5 0.78 totalOpnd > 112 ^ iv(g) > 3 ^ v(g) > 17
5 18 5 0.78 uniqOpnd > 47 ^ iv(g) > 3 ^ branchCount > 32
6 18 5 0.78 loc > 155 ^ totalOpnd > 112
7 18 5 0.78 loc > 155 ^ v(g) > 17
8 20 6 0.77 uniqOpnd > 47 ^ branchCount > 32 ^ uniqOp > 15
9 19 6 0.76 loc > 155
10 19 6 0.76 totalOp > 170 ^ iv(g) > 3
11 19 6 0.76 totalOpnd > 112 ^ iv(g) > 3 ^ uniqOp > 15
12 23 8 0.74 uniqOp > 15 ^ iv(g) > 3 ^ branchCount > 32
13 20 7 0.74 uniqOpnd > 47 ^ v(g) > 17
14 20 7 0.74 uniqOpnd > 47 ^ uniqOp > 15
15 17 6 0.74 totalOpnd > 112 ^ iv(g) > 3 ^ uniqOpnd > 47
16 19 7 0.73 uniqOpnd > 47 ^ totalOp > 170
17 25 11 0.69 uniqOp > 15 ^ iv(g) > 3
18 20 9 0.69 uniqOpnd > 47 ^ branchCount > 32
19 23 12 0.66 uniqOp > 15 ^ totalOp > 170
C
N
2
S
D 0 20 5 0.8 v(g) > 17 ^ iv(g) > 3
1 23 8 0.74 uniqOp > 15 ^ branchCount > 32 ^ iv(g) > 3
2 25 11 0.69 uniqOp > 15 ^ iv(g) > 3
3 29 18 0.62 uniqOp > 15 ^ branchCount > 32
4 36 34 0.51 uniqOp > 15
Table 9: Rules Combining the Promise Datasets using the SD and CN2-SD Algorithms
# TP FP Precision Rules
S
D
0 132 147 0.47 v(g) > 10 ^ totalOp > 103 ^ totalOpnd > 69 ^ iv(g) > 7 ^ branchCount > 20
1 133 150 0.47 iv(g) > 7 ^ totalOpnd > 69 ^ branchCount > 20
2 138 156 0.47 v(g) > 10 ^ totalOp > 103 ^ iv(g) > 7 ^ branchCount > 20
3 133 155 0.46 v(g) > 10 ^ totalOp > 103 ^ totalOpnd > 69 ^ iv(g) > 7
4 121 142 0.46 v(g) > 10 ^ totalOp > 103 ^ iv(g) > 7 ^ uniqOpnd > 36
5 139 164 0.46 v(g) > 10 ^ totalOp > 103 ^ iv(g) > 7
6 134 159 0.46 iv(g) > 7 ^ totalOpnd > 69 ^ v(g) > 10
7 123 146 0.46 v(g) > 10 ^ iv(g) > 7 ^ uniqOpnd > 36
8 122 145 0.46 iv(g) > 7 ^ totalOpnd > 69 ^ uniqOpnd > 36 ^ v(g) > 10
9 142 171 0.45 iv(g) > 7 ^ branchCount > 20
10 118 186 0.39 v(g) > 10 ^ iv(g) > 7 ^ uniqOp > 17
11 148 186 0.44 iv(g) > 7 ^ totalOp > 103 ^ totalOpnd > 69
12 151 192 0.44 iv(g) > 7 ^ totalOpnd > 69
13 125 159 0.44 iv(g) > 7 ^ totalOp > 103 ^ uniqOp > 17
14 123 157 0.44 iv(g) > 7 ^ totalOp > 103 ^ totalOpnd > 69 ^ uniqOp > 17
15 127 163 0.44 iv(g) > 7 ^ totalOp > 103 ^ uniqOpnd > 36
16 130 167 0.44 iv(g) > 7 ^ totalOpnd > 69 ^ uniqOpnd > 36
17 131 169 0.44 iv(g) > 7 ^ uniqOpnd > 36
18 143 185 0.44 v(g) > 10 ^ iv(g) > 7
19 124 162 0.43 iv(g) > 7 ^ totalOpnd > 69 ^ uniqOp > 17
C
N
2
S
D
1 130 112 0.54 loc > 88
2 251 462 0.35 totalOp > 103
  Table 10: Rules Combining the BDP Datasets using the SD and CN2-SD Algorithms
# TP FP Precision Rules
S
D
0 181 148 0.55 wmc > 87
1 185 190 0.49 cbo > 25
2 139 251 0.36 cbo 2 (15;25] ^ lcom 2 (45;1225]
3 117 223 0.34 cbo 2 (15;25] ^ wmc 2 (24;87]
4 140 279 0.33 cbo 2 (15;25] ^ noc = 0
5 176 374 0.32 cbo 2 (15;25]
6 227 496 0.31 rfc 2 (68;187]
7 189 414 0.31 lcom 2 (45;1225] ^ rfc 2 (68;187]
8 124 277 0.31 lcom 2 (45;1225] ^ rfc 2 (68;187] ^ wmc 2 (24;87] ^ noc = 0
9 150 336 0.31 lcom 2 (45;1225] ^ rfc 2 (68;187] ^ noc = 0
10 179 408 0.3 rfc 2 (68;187] ^ noc = 0
11 148 339 0.3 lcom 2 (45;1225] ^ rfc 2 (68;187] ^ wmc 2 (24;87]
12 146 336 0.3 rfc 2 (68;187] ^ noc = 0 ^ wmc 2 (24;87]
13 174 406 0.3 rfc 2 (68;187] ^ wmc 2 (24;87]
14 102 261 0.28 lcom 2 (45;1225] ^ noc > 0
15 230 667 0.26 lcom 2 (45;1225] ^ wmc 2 (24;87]
16 410 1202 0.25 lcom 2 (45;1225]
17 179 533 0.25 wmc 2 (24;87] ^ noc = 0 ^ lcom 2 (45;1225]
18 308 925 0.25 wmc 2 (24;87]
19 308 941 0.25 lcom 2 (45;1225] ^ noc = 0
C
N
2
S
D
0 128 56 0.7 wmc > 87 ^ cbo > 25
1 147 86 0.63 rfc > 187
2 410 1202 0.25 lcom 2 (45;1225]
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  Table 11: Rule Generalisation Results
SD CN2-SD
Dataset % Def.Orig. Precision % Def.Capt. Precision % Def.Capt.
NASA 0.13 0.37 0.52 0.44 0.29
AR 0.14 0.58 0.55 0.62 0.63
BDP 0.16 0.51 0.40 0.44 0.53
Table 12: Rule Overlap
SD CN2-SD
Dataset Avg. # Rules % Rules % Def. Avg. # Rules % Rules % Def.
CM1 13.86 69.32 77.08 3.40 68.00 83.33
KC1 14.69 73.44 34.36 2.54 50.83 62.88
KC2 13.22 66.10 46.73 2.89 57.86 78.50
MC2 11.23 56.17 57.69 2.79 55.86 55.77
MW1 15.69 78.44 51.61 3.95 78.95 61.29
PC1 9.76 48.78 53.25 2.16 43.20 64.94
AR 12.68 63.39 51.67 3.59 71.89 61.67
Eclipse JDT Core 10.07 50.34 57.28 4.02 80.35 54.85
Eclipse PDE-UI 14.47 72.33 62.68 1.03 20.61 62.68
Equinox 10.20 51.02 79.84 1.91 38.13 74.42
Lucene 9.68 48.38 57.81 3.73 74.67 46.88
                                                                          
                                                                       
4.4. Overlapping and Rule Selection
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  Figure 5: Bar Chart Visualization of Rules for the AR dataset using the CN2-SD Algorithm
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